Abstract
to soil, hydrogeology, weather and agronomy (Flury, 1996) . Given the huge amount of work 54 reported in the literature, it is surprising that the influence of formulating pesticides as 55 commercial products has not received greater attention to date. We previously compared 
63
The literature reports a large number of studies that investigate the effect on leaching Where chromatographic flow through the soil matrix is dominant, the timescales involved 106 may be much longer providing a much greater opportunity for separation of the active 107 substance from any co-formulants.
108
It is well established that hydrophobic partitioning is an important component of 109 pesticide sorption for low-solubility, non-polar pesticides. This is not an active sorption 110 mechanism, but rather involves a partitioning between soil aqueous phase and a non-specific solution, co-formulants could be expected to affect a change on sorption to soil constituents,
116
and it might further be expected that the extent of this effect would be different for chemicals prior to analysis by GC-MS.
196
Leachate from columns treated with azoxystrobin was concentrated using solid-phase temperature was maintained at 90°C for 1 min, followed by a ramp to 270°C at a rate of 20°C 222 min -1 for propyzamide, while for azoxystrobin, the oven temperature was programmed as 45°C for 1 minute, followed by a ramp to 295°C at 25°C min -1 and held for 5 minutes.
224
Helium was used as carrier gas with a flow rate of 20 mL min -1 for both chemicals. Sample (1 225 µL) was injected in splitless mode and the injector temperature was maintained at 250°C.
226
There were six pre-and post-injection needle washes were programmed at six respectively.
227
Analysis was performed with selected ion monitoring (SIM) mode using primary mass ions respectively, whilst those for cyproconazole were 0.4 and 0.9 µg mL -1 , respectively. (all p<0.001). There was no effect of interval to irrigation on leaching (p=0.096), and no 301 interaction between formulation and interval to irrigation on leaching (p=0.584). However,
302
the interaction of formulation and pesticides was highly statistically significant (p <0.001).
304

Influence of formulation as a function of pesticide solubility 305
The ratio of the mass leached from the formulated treatment to that from the technical 306 treatment was calculated (section 2.5) and is plotted in Fig. 2 . All values were larger than one 
Discussion
337
The most important finding from this research is that we observed enhanced leaching 338 of all four pesticides from their commercial formulations relative to the technical materials.
339
Relative differences in leached masses ranged between factors of 1.4 and 4.3, and all 340 differences were highly statistically significant and were observed for leaching both 1 and 7 341 days after treatment ( Fig. 1 and active substance applied to soil.
357
Rank order for leaching losses of azoxystrobin reported here (Fig. 1 ) match the formulated and technical treatments being largest for pesticides with larger solubility (Fig. 2) .
378
We selected pesticides with low to moderate solubility (6.7 to 93 mg L -1 ) on the basis that 379 solubility could be a limiting factor for availability in soil pore water soon after application.
380
The mechanisms responsible for our findings are unclear, though it should be noted that we 381 did not control for formulation ingredients so there may have been some systematic change in 382 either the nature or concentration of co-formulants for the four active substances along our 383 gradient of solubility.
384
As noted by Khan and Brown (this issue), the leaching experiments controlled for 385 most aspects of study design but not for the means of initial addition of test materials to soil.
386
All commercial formulations were added to columns in 0.5 mL 0.01M CaCl 2 solution, 387 whereas technical materials were added in 0.1 mL acetone which was allowed to evaporate 
